Attorney Docket No. - MIO042PA/97-1097 

LATCH-UP PREVENTION FOR MEMORY CELLS 

BACKGROUND OF THE INVENTION 
The present invention relates in general to a static random access memory 
(SRAM), and, more particularly, to an SRAM having improved latch-up characteristics. 
5 RAM chips are well known in the art. An SRAM chip is conventionally structured 

in rows and columns of individual SRAM ceils. A prior art six transistor CMOS SRAM 
cell 1 is shown schematically in Fig. 1. The SRAM cell 1 includes two n-type access 
transistors 5, 6, two p-type pull-up transistors 7, 8 acting as load devices, and two n- 
type pull-down transistors 9, 10, with the pull-transistors 7,8 and pull-down transistors 9, 
10 10 forming two CMOS inverters. The SRAM cell 1 has two states: logic state "0" and 
logic state "1". By convention, if logic state "0" is designated by node A having a high 
J voltage and node B having a low voltage, then logic state "1" has the opposite stored 

0 voltages, i.e., node A having a low voltage and node B having a high voltage. 

; " In logic state "0" the high voltage on node A turns on the pull-down transistor 9 

15- and turns off the pull-up transistor 7, whereas the low voltage on node B turns off the 
Is:, pull-down transistor 10 and turns on the pull-up transistor 8. Because the pull-down 

1 ^ transistor 9 is on and the pull-up transistor 7 is off, current flows through the pull-down 
C3 transistor 9 to a voltage supply V^g (ground), thereby maintaining a low voltage on node 
J;^ B. Because the pull-up transistor 8 is turned on and the pull-down transistor 10 is 

20 turned off, current flows from a voltage supply Vcc through the pull-up transistor 8, 
thereby maintaining a high voltage on node A. 

To change the state of the SRAM cell 1 from a logic "0" to a logic "1", a column 
line 3 and a column line complement 2 are provided with a low and a high voltage, 
respectively. Then, the access transistors 5 and 6 are turned on by a high voltage on a 

25 row line 4, thereby providing the low voltage on the column line 3 to node A and the 
high voltage on the column line complement 2 to node B. Accordingly, the pull-down 
transistor 9 is turned off and the pull-up transistor 7 is turned on by the low voltage on 
node A and the pull-down transistor 10 is turned on and the pull-up transistor 8 is 
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turned off by the high voltage on node B, thereby switching the state of the circuit from 
logic "0" to logic "1". Following the switching of the state of the SRAM cell 1 , the access 
transistors 5 and 6 are turned off (by applying a low voltage on row line 4). The SRAM 
cell 1 maintains its new logic state in a manner analogous to that described above. 
5 Figs. 2A and 2B are a schematic diagram and cross-section, respectively, of one 

of the CMOS inverters of Fig, 1 illustrating parasitic transistors and resistors of the 
inverter As shown in Fig. 2B, the pull-down transistor 9 is formed within a P-type 
substrate 12 while the pull-up transistor 7 is formed within an N-well 14. The N-well 14 
is formed within the P-type substrate 12. The N-well 14 includes parasitic resistance 
10 denoted by the resistor 16 and the P-type substrate includes parasitic resistance 

denoted by the resistor 18. The configuration of the pull-down transistor 9 and the pull- 
O up transistor 7 results in the existence of a PNP parasitic bipolar transistor 20 and an 
f NPN parasitic bipolar transistor 22. 

With the tight layout spacings that exist in a typical memory array, leakage 
15 y currents from the N-well 14 and the P-type substrate 12 are possible. These leakage 
currents produce a voltage drop across the parasitic resistor 16. If the voltage drop 
becomes sufficiently large, it can result in the parasitic PNP transistor 20 turning on and 
conducting current from the P+ region forming its emitter to the P-type substrate 12 that 
forms its collector. The P-type substrate 12 also forms the base terminal of the 
203 parasitic NPN transistor 22 and one terminal of the parasitic resistor 18. The other 
terminal of the parasitic resistor 18 is the substrate tie-down represented by Veg. The 
current flowing through the resistor 18 produces a voltage rise at the point of injection. 
If this voltage rise becomes sufficiently large, it can result in the NPN transistor 22 
tuming on causing additional current to be drawn out the N-well 14 as collector current 
25 for the NPN transistor 22. This additional current reinforces the original leakage from 
the N-well 14 turning the PNP transistor 20 on even harder providing added base 
current for the NPN transistor 22. This feedback loop can result in a latch-up problem 
within the memory array containing the SRAM cell 
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Accordingly, there is a need for an Improved SRAM memory ceil that is not prone 
to latch-up. 

SUMMARY OF THE INVENTION 
The present invention meets this need by providing an SRAM memory cell in 
5 which the source of the p-type pull-up transistor is coupled to V^c through the parasitic 
resistance of the N-well in which it is fomried. The source of the p-type pull-up transistor 
is therefore always at a potential less than or equal to the potential of the N-well such 
that the emitter-base junction of the parasitic PNP transistor cannot become fonA^ard 
biased and latch-up cannot occur. 
1 0^:,, According to a first aspect of the present invention, an SRAM memory cell is 

Q provided comprising a first pull-up transistor having a first substrate, a first source, a 
f first gate coupled to a first node, and a first drain coupled to a second node. The first 
5 3 source is coupled to a first voltage input through parasitic resistance of the first 
= J substrate. A first pull-down transistor is provided having a second drain coupled to the 
157" second node, a second gate coupled to the first node, and a second source coupled to 
;^ a second voltage source. An input line is coupled to the first node for providing a signal 
u to the memory cell to change the memory cell from a first logic state to a second logic 

state. The input line may comprise an access transistor having one terminal coupled to 
P the first node, another terminal coupled to a column line, and an access gate coupled to 
20 a row line. 

According to another aspect of the present invention, an SRAM memory cell is 
provided comprising a first pull-up transistor, a first pull down transistor, a second pull- 
up transistor, a second pull-down transistor, and an input line. The first pull-up 
transistor includes a first substrate, a first source, a first gate coupled to a first node, 
25 and a first drain coupled to a second node. The first pull-down transistor includes a 
second drain coupled to the second node, a second gate coupled to the first node, and 
a second source coupled to a second voltage input. The second pull-up transistor 
includes a second substrate, a third source, a third gate coupled to the second node. 
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and a third drain coupled to the first node. The second pull-down transistor includes a 
fourth drain coupled to the first node, a fourth gate coupled to the second node, and a 
fourth source coupled to the second voltage input The first source is coupled to a fir^t 
voltage input through parasitic resistance of the first substrate while the third source is 
5 coupled to the first voltage input through parasitic resistance of the second substrate. 
The input line is coupled to the first and second nodes for providing a signal to the 
memory cell to change the memory cell from a first logic state to a second logic state. 
Preferably, the first substrate and the second substrate are portions of a single 
substrate. 

1 0 According to yet another aspect of the present invention, an SRAM memory cell 

is provided comprising a substrate assembly having at least one semiconductor layer, 
O and a first semiconductor structure formed within the at least one semiconductor layer 
with the first semiconductor structure being coupled to a first voltage input. A first pull- 
["f up transistor is formed in the first semiconductor structure and comprises a first gate, a 
15 J first source and a first drain. The first source is coupled to the first semiconductor 
7 structure such that the first source is coupled to the first voltage Input through parasitic 
J;'' resistance of the semiconductor structure. A first pull-down transistor is formed in the 
^ at least one semiconductor layer and comprises a second gate coupled to the first gate, 
t a second source coupled to a second voltage input, and a second drain coupled to the 
2d;3 first drain. 

The memory cell may further comprise an access transistor formed in the at 
least one semiconductor layer having one terminal coupled to the first and second 
drains, another terminal coupled to a column line and an access gate coupled to a row 
line. Preferably, the at least one semiconductor layer comprises P-type semiconductor 
25 material and the semiconductor structure comprises an N-type well 

According to a further aspect of the present invention, an SRAM memory cell 
comprises a substrate assembly having at least one semiconductor layer, and a first 
semiconductor structure and a second semiconductor structure formed within the at 
least one semiconductor layer with the first and second semiconductor structures being 
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coupled to a first voltage input. A first pull-up transistor is formed in the first 
semiconductor structure and comprises a first gate, a first source and a'first drain with 
the first source being coupled to the first semiconductor structure such that the first 
source is coupled to the first voltage input through parasitic resistance of the first 

5 semiconductor structure. A first pull-down transistor is formed in the at least one 
semiconductor layer and comprises a second gate coupled to the first gate, a second 
source coupled to a second voltage input, and a second drain coupled to the first drain. 
A second pull-up transistor is formed in the second semiconductor structure and 
comprises a third gate, a third source and a third drain with the third source being 
10 coupled to the second semiconductor structure such that the third source is coupled to 

, the first voltage input through parasitic resistance of the second semiconductor 

^.3 structure. A second pull-down transistor is fomned in the at least one semiconductor 
layer and comprises a fourth gate coupled to the third gate, a fourth source coupled to 

: the second voltage input, and a fourth drain coupled to the third drain. 
154 Preferably, the at least one semiconductor layer comprises P-type 

I" semiconductor material while the first and second semiconductor structures each 
comprise an N-type well. The first semiconductor structure and the second 
semiconductor structure may form portions of a single semiconductor structure. The 

fi memory cell may further comprise a first access transistor fornied in the at least one 
2di3 semiconductor layer having a first terminal coupled to the first and second drains, a 
second terminal coupled to a first column line and a first access gate coupled to a row 
line, and a second access transistor formed in the at least one semiconductor layer 
having a third terminal coupled to the third and fourth drains, a fourth terminal coupled 
to a second column line and a second access gate coupled to the row line. 
25 According to a still further aspect of the present invention an SRAM memory 

array is provided comprises a plurality of memory cells arranged in rows and columns. 
Each of the memory cells comprise a first pull-up transistor, a first pull-down transistor, 
a second pull-up transistor, a second pull-down transistor, a first access transistor and a 
second access transistor. The first pull-up transistor includes a first substrate, a first 
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source, a first gate coupled to a first node, and a first drain coupled to a second node 
with the first source being coupled to a first voltage Input through parasitic resistance of 
the first substrate. The first pull-down transistor includes a second drain coupled to the 
second node, a second gate coupled to the first node, and a second source coupled to 
5 a second voltage input. The second pull-up transistor includes a second substrate, a 
third source, a third gate coupled to the second node, and a third drain coupled to the 
first node with the third source being coupled to the first voltage input through parasitic 
resistance of the second substrate. The second pull-down transistor includes a fourth 
drain coupled to the first node, a fourth gate coupled to the second node, and a fourth 
1 0 source coupled to the second voltage input. The first access transistor includes a first 
... terminal coupled to the first and second drains, a second terminal coupled to a first 
Q column line and a first access gate coupled to a row line. The second access transistor 
includes a third terminal coupled to the third and fourth drains, a fourth terminal coupled 
to a second column line and a second access gate coupled to the row line. The 
15 J memory array also includes a memoiy decoder coupled to the plurality of memory cells 
for accessing each of the plurality of memory cells via the respective ones of a plurality 
of the row lines and respective ones of a plurality of the first and second column lines. 

Preferably, the first substrate and the second substrate form portions of a single 
substrate. The memory anray may comprise a plurality of the rows with each of the first 
20 3 and second pull-up transistors making up each of the rows of memory cells sharing a 
common substrate. 

According to yet another aspect of the present invention, an SRAM memory 
array is provided comprising a plurality of SRAM memory cells arranged in rows and 
columns and fomied on a substrate assembly comprises at feast one semiconductor 
25 layer. Each of the plurality of memory cells comprise a first semiconductor structure 
and a second semiconductor structure formed within the at least one semiconductor 
layer with the first and second semiconductor structures is coupled to a first voltage 
input. A first pull-up transistor is formed in the first semiconductor structure and 
comprises a first gate, a first source and a first drain with the first source being coupled 
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to the first semiconductor structure such that the first source is coupled to the first 
voltage input through parasitic resistance of the first semiconductor structure. A first 
pull-down transistor is formed in the at least one semiconductor layer and comprises a 
second gate coupled to the first gate, a second source coupled to a second voltage 
5 input, and a second drain coupled to the first drain. A second pull-up transistor is 
formed in the second semiconductor structure and comprises a third gate, a third 
source and a third drain with the third source being coupled to the second 
semiconductor structure such that the third source is coupled to the first voltage input 
through parasitic resistance of the second semiconductor structure. A second pull- 
1 0 down transistor is formed in the at least one semiconductor layer and comprises a 
fourth gate coupled to the third gate, a fourth source coupled to the second voltage 

^ 3 input, and a fourth drain coupled to the third drain. A first access transistor is formed in 
the at least one semiconductor layer and includes a first terminal coupled to the first 

^ : and second drains, a second terminal coupled to a first column line and a first access 
15 J gate coupled to a row line. A second access transistor is formed in the at least one 

7 semiconductor layer and includes a third terminal coupled to the third and fourth drains, 
a fourth terminal coupled to a second column line and a first access gate coupled to a 

H row line. The memory array includes a memory decoder coupled to the plurality of 

n memory cells for accessing each of the plurality of memory cells via respective ones of 
2d 3 a plurality of the row lines and respective ones of a plurality of the first and second 
column lines. 

Preferably, the first substrate and the second substrate form portions of a single 
substrate. The at least one semiconductor layer may comprise P-type semiconductor 
material while the first semiconductor structure may comprise an N-type well. The 
25 memory array may comprise a plurality of the rows with each of the first and second 
pull-up transistors making up each of the rows of memory cells sharing the N-type well. 

According to yet another aspect of the present invention, a computer system is 
provided comprising an SRAM memory anray and a microprocessor. The memory array 
comprises a plurality of memory cells arranged in rows and columns with each of the 
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memory cells comprising a first pull-up transistor, a first pull-down transistor, a second 
pull-up transistor, a second pull-down transistor, a first access transistor and a second 
access transistor. The first pull-up transistor includes a first substrate, a first source, a 
first gate coupled to a first node, and a first drain coupled to a second node with the first 
5 source being coupled to a first voltage input through parasitic resistance of the first 
substrate. The first pull-down transistor includes a second drain coupled to the second 
node, a second gate coupled to the first node, and a second source coupled to a 
second voltage input. The second pull-up transistor includes a second substrate, a 
third source, a third gate coupled to the second node, and a third drain coupled to the 
10 first node with the third source being coupled to the first voltage input through parasitic 
,1 resistance of the second substrate. The second pull-down transistor includes a fourth 
: 3 drain coupled to the first node, a fourth gate coupled to the second node, and a fourth 
source coupled to the second voltage input. The first access transistor includes a first 
terminal coupled to the first and second drains, a second temninal coupled to a first 
15J column line and a first access gate coupled to a row line. The second access transistor 
,7 includes a third temiinal coupled to the third and fourth drains, a fourth terminal coupled 
to a second column line and a second access gate coupled to the row line. The 
memory array also includes a memory decoder coupled to the plurality of memory cells 
for accessing each of the plurality of memory cells via the respective ones of a plurality 
2P of the row lines and respective ones of a plurality of the first and second column lines. 
The microprocessor communicates with each of the plurality of memory cells via the 
memory decoder. 

According to a further aspect of the present invention, a computer system is 
provided comprising a SRAM memory array and a microprocessor. The memory array 
25 comprises a plurality of memory cells arranged in rows and columns and fomned on a 
substrate assembly comprises at least one semiconductor layer. Each of the plurality 
of memory cells comprise a first semiconductor structure and a second semiconductor 
stmcture formed within the at least one semiconductor layer with the first and second 
semiconductor structures is coupled to a first voltage input. A first pull-up transistor is 
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formed in the first semiconductor stmcture and comprises a first gate, a first source and 
a first drain witli the first source being coupled to the first semiconductor^ structure such 
that the first source is coupled to the first voltage input through parasitic resistance of 
the first semiconductor structure. A first pull-down transistor is formed in the at least 
5 one semiconductor layer and comprises a second gate coupled to the first gate, a 
second source coupled to a second voltage input, and a second drain coupled to the 
first drain. A second pull-up transistor is fomried in the second semiconductor structure 
and comprises a third gate, a third source and a third drain with the third source being 
coupled to the second semiconductor structure such that the third source is coupled to 
1 0 the first voltage input through parasitic resistance of the second semiconductor 

structure. A second pull-down transistor is fonned in the at least one semiconductor 
^ 3 layer and comprises a fourth gate coupled to the third gate, a fourth source coupled to 
the second voltage input, and a fourth drain coupled to the third drain. A first access 
transistor is formed in the at least one semiconductor layer and includes a first terminal 
15i coupled to the first and second drains, a second terminal coupled to a first column line 
and a first access gate coupled to a row line. A second access transistor is formed in 
the at least one semiconductor layer and includes a third terminal coupled to the third 
and fourth drains, a fourth terminal coupled to a second column line and a first access 
gate coupled to a row line. The memory array includes a memory decoder coupled to 
2P the plurality of memory cells for accessing each of the plurality of memory cells via 
respective ones of a plurality of the row lines and respective ones of a plurality of the 
first and second column lines. The microprocessor communicates with each of the 
plurality of memory cells via the memory decoder. 

According to a sfill further aspect of the present invention, a method of 
25 fabricating an SRAM memory cell is provided. A substrate assembly having at least 
one semiconductor layer is provided. A first semiconductor stmcture is formed within 
the at least one semiconductor layer. A first source and a first drain of a first pull-up 
transistor are formed in the first semiconductor structure. A second source and a 
second drain of a first pull-down transistor are fomned in the at least one semiconductor 
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layer. A first contact and a second contact are formed \Anthin the first semiconductor 
structure. A first gate for the first pull-up transistor and a second gate for the first pull- 
down transistor are formed. The first drain is coupled to the second drain and the first 
gate is coupled to the second gate. The first source is coupled to one of the first and 
5 second contacts such that with the other of the first and second contacts coupled to a 
first voltage input the first source is coupled to the first voltage input through parasitic 
resistance of the first semiconductor structure. 

According to another aspect of the present invention, a method of fabricating an 
SRAM memory cell is provided. A substrate assembly having at least one 
1 0 semiconductor layer is provided. A first semiconductor structure and a second 

semiconductor structure are fomned within the at least one semiconductor layer. A first 
^ 3 source and a first drain of a first pull-up transistor are formed in the first semiconductor 
J structure. A second source and a second drain of a first pull-down transistor are 
J f fomed in the at least one semiconductor layer. A third source and a third drain of a 
15 J second pull-up transistor are formed in the second semiconductor structure. A fourth 
r source and a fourth drain of a second pull-down transistor are formed in the at least one 
! semiconductor layer. A first contact and a second contact are formed within the first 
semiconductor structure. A third contact and fourth contact are formed within the 
second semiconductor structure. A first gate for the first pull-up transistor, a second 
20:3 gate for the first pull-down transistor, a third gate for the second pull-up transistor and a 
fourth gate for the second pull-down transistor are formed. The first drain is coupled to 
the second drain and the third drain is coupled to the fourth drain. The first gate is 
coupled to the second gate and the third gate is coupled to the fourth gate. The first 
source is coupled to one of the first and second contacts such that with the other of the 
25 first and second contacts coupled to a first voltage input the first source is coupled to 
the first voltage input through parasitic resistance of the first semiconductor structure. 
The third source is coupled to one of the third and fourth contacts such that with the 
other of the third and fourth contacts coupled to the first voltage input the third source is 
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coupled to the first voltage input througli parasitic resistance of the second 
semiconductor structure. 

Preferably, the first substrate and the second substrate form portions of a single 
substrate. The at least one semiconductor layer may comprise P-type semiconductor 
5 material while the first semiconductor stmcture may comprise an N-type well. 

According to yet another aspect of the present Invention, a method of fabricating 
an SRAM memory array is provided. A substrate assembly having at least one 
semiconductor layer is provided. A plurality of memoiy cells arranged in rows and 
columns are formed. Each of the plurality of memory cells are fabricated according to 
1 0 the following steps. A first semiconductor structure is fonried within the at least one 
. = semiconductor layer. A second semiconductor structure is formed within the at least 
3 one semiconductor layer. A first source and a first drain of a first pull-up transistor are 
J formed in the first semiconductor structure. A second source and a second drain of a 
! =f first pull-down transistor are formed in the at least one semiconductor layer. A third 
154 source and a third drain of a second pull-up transistor are formed in the second 
r semiconductor structure. A fourth source and a fourth drain of a second pull-down 
transistor are formed in the at least one semiconductor layer. A first terminal and a 
i i second tenninal of a first access transistor are formed in the at least one semiconductor 
layer. A third terminal and a fourth terminal of a second access transistor are formed in 
2i3 the at least one semiconductor layer. A first contact and a second contact are fonned 
within the first semiconductor structure. A third contact and fourth contact are formed 
within the second semiconductor structure. A first gate for the first pull-up transistor, a 
second gate for the first pull-down transistor, a third gate for the second pull-up 
transistor, a fourth gate for the second pull-down transistor, a first access gate for the 
25 first access transistor, and a second access gate for the second access transistor are 
formed. The first drain is coupled to the second drain and the third drain is coupled to 
the fourth drain. The first gate is coupled to the second gate and the third gate is 
coupled to the fourth gate. The first tenninal is coupled to the first and second drains 
and the third tenninal is coupled to the third and fourth drains. The first source is 
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coupled to one of the first and second contacts such that with the other of the first and 
second contacts coupled to a first voltage input the first source is coupled to the first 
voltage input through parasitic resistance of the first semiconductor structure. The third 
source is coupled to one of the third and fourth contacts such that with the other of the 
5 third and fourth contacts coupled to the first voltage input the third source is coupled to 
the first voltage input through parasitic resistance of the second semiconductor 
stmcture. The first and second access gates of each of the plurality of memory cells 
are coupled to respective row lines. The second terminals of each of the plurality of 
memory cells are coupled to respective first column lines. The fourth terminals of each 
1 0 of the plurality of memory cells are coupled to respective second column lines. 

Preferably, the first substrate and the second substrate form portions of a single 
Q substrate. Each of the first and second pull-up transistors making up each of the rows 
= of memory cells may share the N-type well. 

( 3 According to a still further aspect of the present invention, a method of 

154 fabricating a computer system is provided. A memory array and a microprocessor are 
r provided. The memory array comprises a plurality of memory cells arranged in rows 
5 - and columns and formed on a substrate assembly comprising at least one 
\1 semiconductor layer. Each of the plurality of memory cells comprise a first 
E! semiconductor structure and a second semiconductor structure formed within the at 
203 least one semiconductor layer with the first and second semiconductor structures is 
coupled to a first voltage input. A first pull-up transistor is fonned in the first 
semiconductor structure and comprises a first gate, a first source and a first drain with 
the first source being coupled to the first semiconductor stmcture such that the first 
source is coupled to the first voltage input through parasitic resistance of the first 
25 semiconductor structure. A first pull-down transistor is formed in the at least one 
semiconductor layer and comprises a second gate coupled to the first gate, a second 
source coupled to a second voltage input, and a second drain coupled to the first drain. 
A second pull-up transistor is formed in the second semiconductor structure and 
comprises a third gate, a third source and a third drain with the third source being 

12 of 42 



Attorney Docket No. - MIO042PA/97-1097 

coupled to the second semiconductor structure such that the third source is coupled to 
the first voltage input through parasitic resistance of the second semiconductor 
structure. A second pull-down transistor is fonned in the at least one semiconductor 
layer and comprises a fourth gate coupled to the third gate, a fourth source coupled to 
5 the second voltage input, and a fourth drain coupled to the third drain. A first access 
transistor is fomried in the at least one semiconductor layer and includes a first terminal 
coupled to the first and second drains, a second terminal coupled to a first column line 
and a first access gate coupled to a row line. A second access transistor is formed in 
the at least one semiconductor layer and includes a third terminal coupled to the third 
1 0 and fourth drains, a fourth temiinal coupled to a second column line and a first access 
= gate coupled to a row line. The memory array includes a memory decoder coupled to 
' 3 the plurality of memory cells for accessing each of the plurality of memory cells via 

respective ones of a plurality of the row lines and respective ones of a plurality of the 
! : first and second column lines. The microprocessor communicates with each of the 
1 5 J plurality of memory cells via the memory decoder. 

Accordingly, it is an object of the present invention to provide an improved SRAM 
J;: that is not prone to latch up; and, to provide an improved SRAM memory cell wherein 
parasitic resistance Is used to couple Vcc to pull-up transistors to prevent latch-up of the 
memory cell. Other features and advantages of the invention will be apparent from the 
20 3 following description, the accompanying drawings and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 illustrates a prior art six transistor SRAM memory cell; 
Fig. 2A illustrates one of the inverters of the SRAM memory cell of Fig. 1 along 
with the con-esponding parasitic transistors and resistors; 
25 Fig. 2B is an enlarged, sectioned side view depicting the inverter and parasitic 

transistors and resistors of Fig. 2A; 

Fig. 3 illustrates schematically an SRAM memory cell in accordance with the 
present invention; 
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Fig. 4A illustrates one of the inverters of the SRAM nnemory cell of Fig. 3 along 
with the corresponding parasitic transistors and resistors; 

Fig. 4B is an enlarged, sectional side view depicting the inverter and parasitic 
transistors and resistors of Fig. 4A; 
5 Fig. 5 is an enlarged, sectional side view of the SRAM memory ceil of Fig. 3 

according to one aspect of the present invention; 

Fig. 6 illustrates schematically an SRAM memory array using the SRAM memory 
cell of Fig. 3; 

Fig. 7 is a plan view of the layout of the SRAM memory array of Fig. 6 according 
1 0 to another aspect of the present invention; and 

Fig. 8 illustrates schematically a computer system using the SRAM memory 

^ 3 array of Fig. 6. 

! 3 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

H Fig. 3 illustrates schematically an SRAM memory cell 30 in accordance with the 

15 ' present invention. The SRAM memory cell 30 includes a first MOS (p-type) pull-up 
5* transistor 32, a first MOS (n-type) pull-down transistor 34, a second MOS (p-type) pull- 
i I up transistor 36, a second MOS (n-type) pull-down transistor 38, a third MOS or first 
i access transistor 40 and a fourth MOS or second access transistor 42. The MOS 
i:i transistors 32, 34, 36 and 38 each include a drain (D), a gate (G) and a source (S) as 
20 illustrated in Fig. 3 with the first pull-up transistor 32 having a first drain 32D. a first 
source 32S and a first gate 32G, the first pull-down transistor 34 having a second drain 
34D, a second source 34S and a second gate 34G, the second pull-up transistor 36 
having a third drain 36D, a third source 36S and a third gate 36G and the second pull- 
down transistor 38 having a fourth drain 38D, a fourth source 38S and a fourth gate 
25 38G, see Figs. 4A, 48 and 5. 

It will be appreciated by those skilled in the art that the drain and source 
terminals of a MOS transistor are typically identical with the drain/source label being 
applied for descriptive purposes once a voltage is applied to the transistor. For n-type 
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transistors, the drain designation is applied to the terminal having the higher voltage 
potential with the source designation being applied to the other temiina?. Accordingly, 
separate drain/source designations have not been applied to the access transistors 40 
and 42 as voltages across the drain/source tenninals change in such a manner as to 
5 cause corresponding changes in drain/source designations for the access transistors 40 
and 42. The drains and sources of the first and second access transistors 40 and 42 
will be described as first tenninals 40A, 42A and second tenninals 40B, 42B for 
descriptive purposes herein. 

Each of the MOS transistors 32, 34, 36 and 38 have substrate terminals SUB 
1 0 con-esponding to the semiconductor substrates in which the transistors are fornied . 
The substrates of the pull-up transistors 32 and 36 are coupled to a first voltage input 
^ 3 Vcc- The sources 32S, 36S of the pull-up transistors 32 and 36 are coupled to their 
J; corresponding substrates such that the sources are coupled to the first voltage input 
P Vcc through the parasitic resistance of each substrate represented by resistors 44 and 
15J 46. The drains 32D, 36D of the pull-up transistors 32 and 36 are coupled to a first node 
r 48 and a second node 50, respectively. The drains 34D, 38D of the pull-down 
transistors 34 and 38 are coupled to the first node 48 and the second node 50, 
respectively. The sources 34S, 38S of the pull-down transistors 34 and 38 are coupled 
to a second voltage input or Vss- Typically, Vcc is approximately 5.0 volts to 2.0 volts, 
2m depending on the process and technology, while Vss «s approximately zero volts or 
ground. 

The transistors 32, 34, 36 and 38 fomi a pair of cross-coupled CMOS inverters 
with transistors 32 and 34 configured as a first CMOS inverter 35 and transistors 36 and 
38 configured as a second CMOS inverter 39. The pull-down transistors 34 and 38 are 
25 cross-coupled with the drain 34D of the first pull-down transistor 34 being coupled to the 
gate 38G of the second pull-down transistor 38 and the drain 38D of the second pull- 
down transistor 38 being coupled to the gate 34G of the first pull-down transistor 34. 
For illustrative purposes, it is assumed that logic state "0" is designated by node 48 
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having a low voltage and node 50 having a high voltage while logic state "1" is 
designated by node 48 having a high voltage and node 50 having a low'voltage. 

In logic state "0" the high voltage on node 50 turns on the first pull-down 
transistor 34 and turns off the first pull-up transistor 32, whereas the low voltage on 
5 node 48 turns off the second pull-down transistor 38 and turns on the second pull-up 
transistor 36. Because the first pull-down transistor 34 is on and the first pull-up 
transistor 32 is off, current flows through the first pull-down transistor 34 to the second 
voltage input Vgs, thereby maintaining a low voltage on node 48. Because the second 
pull-up transistor 36 is turned on and the second pull-down transistor 38 is turned off, 
1 0 current flows from the first voltage input Vcc through the second pull-up transistor 36, 
, thereby maintaining a high voltage on node 50. It should be apparent that for logic 
3, state "1 ," the on/off states of the transistors are reversed with corresponding current 
J flows. 

! 3 The first terminal 40A of the first access transistor 40 is coupled to the first node 

1 54 48 while the second terminal 40B is coupled to a first bit or column line 52. The first 
access gate 40G of the first access transistor 40 is coupled to a word or row line 54. 
1= Similarly, the first terminal 42A of the second access transistor 42 is coupled to the 
i:^ second node 50 while the second terminal 42B is coupled to a second bit or column line 
i;3 56. The second access gate 42G of the second access transistor 42 is coupled to the 
2(13 word or row line 54. Typically, the first and second column lines 52, 56 receive 

symmetrical data pulses with one of the column lines receiving the complement of the 
other column line. It should be apparent that the first and second access transistors 40 
and 42 function as an input line for providing access to the memory cell 30. 

To change the state of the SRAM cell 30 from a logic "0" to a logic "1", the 
25 second column line 56 and the first column line 52 are provided with a low and a high 
voltage, respectively. Then, the access transistors 40 and 42 are turned on by a high 
voltage on the row line 54, thereby providing the tow voltage on the second column line 
56 to node 50 and the high voltage on the first column line 52 to node 48. Accordingly, 
the first pull-down transistor 34 is turned off and the first pull-up transistor 32 is turned 
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on by the low voltage on node 50, and the second pull-down transistor 38 is turned on 
and the second pull-up transistor 36 is turned off by the high voltage on node 48, 
thereby switching the state of the circuit from logic "0" to logic "1". Following the 
switching of the state of the SRAM cell 30, the access transistors 40 and 42 are turned 
5 off (by applying a low voltage on row line 54). The SRAM cell 30 maintains its new logic 
state in a manner analogous to that described above. 

Referring now to Figs. 4A and 4B, the effect of the parasitic devices resulting 
from the configuration of the SRAM cell 30 will now be described. A schematic diagram 
of the first CMOS inverter 35 is illustrated in Fig. 4A with its corresponding parasitic 
1 0 transistors and resistors. It will be appreciated by those skilled in the art that the 
, second inverter 39 includes similar parasitic transistors and resistors. A cross-section 
i j of the first CMOS inverter 35 of Fig. 4A is illustrated in Fig. 4B. As shown in Fig. 4B, 
J the first inverter 35, and hence, the memory cell 30, is formed on a substrate assembly 
P 60 comprising a semiconductor layer 62 that is silicon in the illustrated embodiment, 
15 4 and may also include additional layers or structures that define active or operable 

portions of semiconductor devices (not shown). For example, the semiconductor layer 
?;= 62 of the substrate assembly 60 may be formed on insulating material, sapphire or 
U another base material. 

S The semiconductor layer 62 is doped with impurities to fonn a semiconductor of 

2Q3 a first or p-type conductivity. A first semiconductor structure formed within the 
semiconductor layer 62 is preferably fomied of a second or n-type conductivity 
commonly referred to as an N-well 64. The first pull-down transistor 34 is formed within 
the semiconductor layer 62 and the first pull-up transistor 32 is formed within the N-well 
64. 

25 Buried contacts are formed within the semiconductor layer 62 and the N-well 64 

to form the second source 34S and the second drain 34D of the first pull-down 
transistor 34, and the first source 32S and the first drain 32D of the first pull-up 
transistor 32. A first contact 66 and a second contact 68 are also formed within the N- 
well 64 while a first tie-down contact 70 is formed in the semiconductor layer 62. The 
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first gate 32G of the first pull-up transistor 32 and the second gate 34G of the first pull- 
down transistor 34 are also formed. It should be apparent that the N-well 64 and the 
semiconductor layer 62 represent the semiconductor substrates in which the transistors 
32 and 34 are formed. The first contact 66 and the first tie-down contact 70 are thus 
5 used to bias the N-well/first pull-up transistor substrate 64 and the semiconductor 

layer/first pull-down transistor substrate 62, respectively. It will be appreciated by those 
skilled in the art that the N-well 64, the buried contacts, and the gates may be formed 
using processes well known in the art. 

Appropriate electrically conductive interconnect layers are formed using 
1 a =. processes well known in the art to couple the first gate 32G to the second gate 34G, the 
^3 first drain 32D to the second drain 34D, and the first source 32S to the second contact 
. = 68. Additional electrically conductive interconnect layers are formed to couple the first 
! =^ contact 66 to the first voltage input Vcc, the second source 34S to the second voltage 
''4 input Vss, and the first tie-down contact 70 to the substrate 62 tie down Vbb- The N-well 
^5^ 64 includes parasitic resistance denoted by the resistors 44A and 44B while the 

substrate 62 includes parasitic resistance denoted by the resistor 72. The configuration 
i l of the first inverter 35 also results in the existence of a PNP parasitic bipolar transistor 
fi 74 and an NPN parasitic bipolar transistor 76. 

Q The parasitic resistor 44 is shown as two resistors 44A and 44B to denote the 
20 parasitic resistance between the second contact 68 and the base of the parasitic PNP 
bipolar transistor 74 and the parasitic resistance between the base of the parasitic PNP 
bipolar transistor 74 and the first contact 66. The first source 32S is thus coupled to the 
first voltage input Vcc through the combined parasitic resistance of the N-well 64 
represented by the parasitic resistors 44A and 44B. The substrate connection of the 
25 first pull-up transistor 32 is shown as a variable resistor in Fig. 4A because the resultant 
parasitic resistance of the N-well 64 varies depending on the distance between the first 
contact 66 and the first source 32S, i.e., the further the separation the greater the 
resistance. 
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Leakage current from the N-well 64 produces a voltage drop across the parasitic 
resistor 44A. However, with the first source 32S coupled to the first voltage input V^c 
through the N-well 64, the first source 32S is always at a potential less than or equal to 
the potential of the N-well 64. The net result of this configuration is that the emitter- 
5 base junction of the parasitic PNP transistor 74 cannot become fonA^ard biased and 
latch-up cannot occur. 

Referring now to Fig. 5, the cross-sectional layout of the SRAM memory cell 30 
is shown without the parasitic resistors and transistors. The second pull-up transistor 
36 is formed within a second semiconductor structure or N-well 78 while the second 
103 pull-down transistor 38 is formed within the semiconductor layer 62. Buried contacts 
= j are formed within the semiconductor layer 62 and the N-well 78 to form the fourth 
;Z source 38S and the fourth drain 38D of the second pull-down transistor 38, and the 
H third source 36S and the third drain 36D of the second pull-up transistor 36 using 
J; processes well known in the art. A third contact 80 and a fourth contact 82 are also 
15 ^ formed within the N-well 78 while a second tie-down contact 84 is formed in the 
ry semiconductor layer 62 using processes well known in the art. The third gate 36G of 
I:^ the second pull-up transistor 36 and the fourth gate 38G of the second pull-down 
O transistor 38 are formed using processes well known in the art. It should be apparent 
that the N-well 78 and the semiconductor layer 62 represent the semiconductor 
20 substrates in which the transistors 36 and 38 are formed, respectively. The third 

contact 80 and the second tie-down contact 84 are thus used to bias the N-well/second 
pull-up transistor substrate 78 and the semiconductor layer/first pull-down transistor 
substrate 62, respectively. 

Appropriate electrically conductive interconnect layers are formed using 
25 processes well known in the art to couple the third gate 36G and the fourth gate 38G to 
the first drain 32D and the second drain 34D, the third drain 36D and the fourth drain 
38D to the first gate 32G and the second gate 34G, and the third source 36S to the 
fourth contact 82. Additional electrically conductive interconnect layers are formed to 
coupled the third contact 80 to the first voltage input Vcc. the fourth source 38S to the 

19 of 42 



Attorney Docket No. - MIO042PA/97-1097 

second voltage Input V^s and the second tie-down contact 84 to the substrate 62 tie 
down Vbb- It will be appreciated by those skilled in the art that the first and second pull- 
down transistors 34 and 38 may be arranged so that only one tie-down contact is 
needed for the memory cell 30. It will be further appreciated by those skilled in the art 
5 that a single N-well may be used to fomi the first and second pull-up transistors 32 and 
36. It will be even further appreciated by those skilled in the art that the first and 
second pull-up transistors 32 and 36 may be configured to share the same source 
contact. Accordingly, with the first semiconductor structure or N-well 64 the same as 
the second semiconductor structure or N-well 78, i.e., forming portions of a single 
1Q substrate, only one contact would be needed to couple the sources to the N-we!l and 
J=3 only one contact would be needed to couple the N-well to the first voltage input V^c- 

Referring now to Fig, 6, it is contemplated by the present invention that the 
J ;f SRAM memory cell 30, described above with respect to Fig. 3, may be utilized to 
' I provide an SRAM memory array 90. The SRAM memory array 90 comprises a plurality 
15. of SRAM memory cells 30 arranged in a desired number of rows and columns. Fig. 6 
depicts an illustrative 16 cell memory array having four (4) rows and four (4) columns. 
U Each of the columns include respective first and second column lines 52-^-524, 56-^-664 
while each of the rows include respective row lines 54i-544. The column and row lines 
^ 3 52^-524, 66^-664 and 54-1-544 are coupled to a memory decoder 92. The memory 
20 decoder 92 is capable of assessing each of the memory cells 30 through a unique 

memory command conveyed on the column and row lines 52^-524, 56^-564 and 54i-544. 

The first and second pull-up transistors 32 and 36 of the SRAM memory cells 30 
making up each row of the memory array 90 are preferably formed within the same N- 
well as shown in Fig. 7, Four N-wells 64^-644 with each of the first and second pull-up 
25 transistors 32 and 34 for each memory cell 30 in each row sharing a respective N-well 
are shown in Fig, 7. For illustrative purposes, the two horizontal boxes of each cell 
represent the gate connections for each pull-up transistor 32, 34 while the vertical box 
represents the active areas for the transistors 32, 34. It will be appreciated by those 
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skilled in the art that the first and second pull-down transistors 36, 38 for each memory 
cell 30 would be appropriately formed on both sides of the respective N-wells 64^-644. 

Each of the sources 32S, 36S are coupled to respective N-well metalization 
lines 94^-944 with the N-well metalization lines 94^-944 being coupled to at least one V^^ 
5 metalization line 96 receiving the first voltage input V^c. Further, each row includes at 
least one contact 68^-684 for coupling each respective N-well 64^-644 to the respective 
N-well metalization line 94^-944, and hence, to the first voltage input Vcc through the Vcc 
metalization line 96. In the illustrated embodiment, there is one contact 68 for every 
four memory cells 30. However, it will be appreciated by those skilled in the art that this 
10 pjour to one ratio may be increased or decreased as appropriate for each particular 
^ Sapplication. For example, one contact 68 may be sufficient to bias the N-well 64 for 
..l every 32 memory cells 30. It will be further appreciated by those skilled in the art that 
j;^additional Vcc metalization lines 96 may be added as appropriate. 
J Referring now to Fig. 8, it is contemplated by the present invention that the 
15 SRAM memory array 90, described above with respect to Fig. 6, may be utilized to 
j ;:provide an SRAM memory array 90 within a computer system 100. As will be 
^appreciated by those skilled in the art, the computer system 100 would include, as 
^;5;appropriate, a ROM 102, a mass memory 104, peripheral devices 106, and I/O devices 
01 08 in communication with a microprocessor 1 10 via a data bus 1 12 or another suitable 
20 data communication path. The microprocessor 110 communicates with each of the 
plurality of memory cells 30 via the memory decoder 92. 

Having described the invention in detail and by reference to preferred 
embodiments thereof, it will be apparent that modifications and variations are possible 
without departing from the scope of the invention defined in the appended claims. 
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